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7 SPIN-TUNNEL TESTS OF A l/57a33-SCAL2 MODEL “,’

OF TI-EINOR.THROPXB-.35A.11<PLANE

By Robert ‘}$.Kamm and Philip W. Pepoon

At the request of the Army Air For,ces, Nateriel
Command, a V57933 -Scale model of ttm Nortlmop XB-55
airplane has been tested in tyl~ NACA free-spinning
tunnel iq order to determine the spin characteristics
and tb.etumbling tendencies of’the airplane . The
XB-35 airplane is a large four-engine bomber of’the
flying-wing type. It has eleven control surfacss w~!~ch
are used as ailerons or elevators. Tl:eairplane is
equipped with conventional split flaps whose pitching
moments are trimmed out by pitch flaps at the wing tips.
The rear portions of the pitch flaps are split and can
be def’lectecias rudders,

The spin tests indicated that for the normal loading
condition the model would not spin ip the direction o.f
the rudder for either’ the clean or the landing condition
unless the wheel was set over with the rudder. The
results indicated that recovery from tt!isspin could be
effected by pushing the’stick forward and reversing the
wheel, leaving the rudder with the spin. Reversing the
rudder retarded recovery. The spin characteristics were
not appreciably affected by changes h the loading condi-
tion, although moving the center of gravity forward to
20 percent of the mean aerodynamic chord was beileficial.

The model would.
dition but would not
was moved forward to
chord.

..

tumble in the normal ~oadir,g con-
tumble when the center of gravity
20 perc”en.tof the mean aerodynamic
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~ ljTRODUCTION

~e Northrop XI+35 airplane is a four-engine bomber
of the flying-wing type with pusher propellers. NACA

low-drag airfoil sections are used in the wing design.
For controlling the airplane, combination elevatars and
ailerons termed ‘felevons’tare deflected in the same
direction for longitudinal control and differentially
for lateral control. Pitch Tlaps outboard of the elevens
are used for additional ‘longitudinal control ,to trim the
airplane when split flaps are deflected for landing or
take-off. The rear portions of tklepitch flaps are
split and can be deflected up and down equally independent
of the pitch-flap position to act as rudders for cli:rec-
tional control, As was requested by the Army Air Iorces,
Materiel Command, tests were perforzned ir.the KAGA free-
spinning tunnel to determine the spin characterist:.cs
and.tumbling tendencies of a l/57.33-seal.e model of the
airplane..

For the tests, the normal l-oadinS condition of the
model corres~)onded to that of the airplane wltk~max:im,u~l
bomb load and outboard f’uel. T’hs spin characteristics
of’the rt_Ldt?~ tn.the clean conditibn were determined for
,the n~rm~l loafjlng and.for various al.terriateloadings.
The landing, condition was also investigated. The tumbling

tendencies were determined for the model j.nthe normal
loading condition and a?.sowith the center of gravity
moved forward of normal. The effects on tumbling of
pitch-flap setting> landing-f’~aP deflections? rudder
deflections, slots, and spoilers were investigated.
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SYMBOLS

wing area, square feet

wing span, feet

wing chord, feet

mean aerodynamic chord, feet

ratio of distance of the center of gravity rearward
of leading edge of the mean aerodynamic chord
to the mean aerodynamic chord
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ratio of distance from the.center of gravity
to Une ~ving~root.c~,,o,rd.ljyneto the mean

,.aerodynamic chord, .0.v’ -itive when the aenter
of gravit“yis ‘belowthe wing-root chord
line

mass of atrplane j slugs

moments of inertia about the X, Yj and Z body
axes, slug-feet2

inertia yawing-moment parameter

inertia rolling-moment parameter

inertia pitching-moment para~fleter

~~mling moment
rolling-moment coef’fic~ent, .—

1 -2g~~pb

Yawing momenty3wing-moment coefficient, —-————
~PV2bS
2

air density, slugs per cubic foot

acute angle between the vertical and the win&-
root chord line (approxim~iely eqVal.to the
absolute value of angle of attack at the
plane of synmetry), degrees

angle between span axis and hortiontalj
degrees

full-scale true rate of descent, feet per
seoond

full-scale angular velocity about spin axis,.
revolutions per second “
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c1 helix angle, angle between the flight path and the
vertical, degrees (For this model the absolute
value of the helix angle was approximately 6°)

approximate angle of sideslip at the center cf
gravity, degrees (Sideslip i.sinward when the
inner wing is down by an amount greater than
the helix angle)

APPARATUS AND METHODS

Mode1

The l/57.33-scale model @f the Northrop XB-35 air- ,
plane used in the tests was furnished by the Army f~ir
Forces, Materiel Command and was prepared for testing
by ?-heLangley Memorial Aeronautical Laboratory. The
di~emsioqal characteristics of the airplane are given
in table I. A three-view drawing of the model with the
landing gear extended and slots open is gfven in fig-
ure 14 Propellers were not simulated on the uodel for
the tests. Photographic views of the model. are shown
in figure 20

The model Was ballasted with lead weights to main-
tain dynamic si~li?L~d?ifJ~to the airplane at an altitude
of 20,000 feet (p = Q.OCI.267 slug per cubic foot). A
remote-control mechanisn was installed in tb.emodel to
actuate the controls for the recovery tests.

Wind Tunnel and Testing Technique

The tests were performed in the NACA 20-f’oot free-
spinning tunnel, which is similar in operation to the
15-foot tunnel described in reference 1.

Tke data presented were determined by the methods
described in reference 1 and have been co~].vertedto
corresponding full-scale values. ‘Thet-urnsfor recovery
are measured from the time the controls are moved until
the spin rotation ceases. A recovery which requires
more than two turns is considered unsatisfactory. For
the conditions for which the model recovered when
launched in a spinnin& attitude, the data are recorded
as ‘l?ospin.” For the spins which appeared steep and had
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a very high.rate of desce’nt’i.t’’wasdifficult to obtain
quantitative data, and the spin is recorded as a ‘tsteep
spine”

.. ......”+,4... ,~,::.-,...
., ;:).Z+?.1?, ....?....

PRECISION . ,... .:),,
,, ‘,,,

,.,,,: ...
,.,,

‘i’heresults are believed to be the true values
,given.blythe.model. within t’h;efollowing limits : ,

,,
a,de&. *.. . . ..o !36 . 0 ..0...... .O-.kl.

d,de,g. .o, o.,.... . . . ... . . 4.j[*.! .. *3.

V,peycen; ..,.... . . . . . . . . ...”.. “;*2
Q, percent . . . . . . . . . . . . . . . . . i“”:”.; &

.{

+ turn when bbtained

Turns f’orrecovery , , . . . . .
+ from film records

+1 turn @~en “&bta’ined
-2

fi70ill observations, .
The preceding limits may have been exceeded. for

certain cases in v;h.ich it was difficult to ‘handle the
model in the tunnel because of the hi~h rate of descent
or because of the wanderin~ or oscillatory nature of
the spin.

Comparison between model and airplane spin results
(references 1 and 2) indicated that the spin-timnel
results were not always in com~pleteagreement with the
full-scale airplane results. In general, models spi-n
at a somewhat smaller angle of attack, at a somewhat
higher rate of descent, and with from 5° to 10° more
outward sicleslip. The comparison made in reference 2
showed that 80 percent of the r!lodelrecovery tests -‘are-
dieted satisfactorily the corresponding full.-sc”ale
recovery and that 10 percent overestimated an@~-10per-
cent underestimated the full-scale recoveries .‘

Eecause of repeated damaves to the model ciu.ringthe
tests, the wei~ht and mass di~tribution varied hy the
following v2.1.ues:

Vef.g].zt . . . . . . 2 percent 10W to ?, percent high
Center of”g~avity . . O.01~ forward to 0.033 rearward
Ix . . . . . . . . . . 5 percent low to 10 percent high
Iy . . . . . . . . . . 5 percent low to 12 percent bigl:.
Iz . . . . . . . . ..5 percent low to 13 percent h.iuh
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TEST CONDI ‘ITONS

. . . . .

Spin tests were made for the condi ti.ons of the
model Ifstbd in table 11. The normal lea.di.ngcondi {ion-.
of the mod~l corresponded to the following mass distri-
bution of the full-scale “- the
retracted:

ai.rplane with

\Qeight, lb .
x/E ..,.
2/5 . . . .

Ix, Sblg”ftz..
Iy, s~ug’.ft2

12, slug-ft
2

IX - .Iy

mbc” ●

)
.“

IY - IZ
y ..— .

~~2
T - IX
!
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✎
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✎
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● ✎
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●
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✎
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●

●
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.
●

✎

●

✎

✎

●

✎

.
●

☛

✎

●

✎

●
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s
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✎

✎
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✎

✎

landing gear

.
●

✎

●

✎

●

●

●

●

●

3,3s0,00’3
. ~53,500
3,769,000

-234.

. 27

on figure 3.areThe el..evondeflections used shown
It may be noted that a longitud~nal movement of the
stick (wheel neutral) deflects ‘oothelevens equally in
the same d.i.l”,ection,whereas a lateral i~OVement Of the
wheel deflects one eleven up and the ether -one down.

The maxim-m control deflections used were:

Elevens as elevators, deg . . . . . . . 20 up, 10 down
Elevens as ailerons, deg ,. . . . . . . 15 up, 15 down
Pitch flaps,, deg . . . . . . . . . . . 30 Up, 15 clown
Rudders,”@@g.. . ..e . . . . . . . 60 up, 60 down

The rudder deflections were independent of pitch-
fl~p settings. For examp”].e, when the pitCh flaps were
SO up, pushing the rtght rudder peclalfor~vard.(rudder
Wit~7a right spin) cieflectei!the split rudders on the
right pitch flap 70° up anfl.500 ?own f’romthe wing
chord wh~.le the rudders on the left p~,tch flap re?~atneil
unreflected. !.
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For the clean c.tm~ition“with landing gear retracted,
variations in mass distribution were tested in order to
allow for the limits of accuracy of the computed full-
scale”and model values and also,to allow for an;;re-

. arrangement of loading which might l~ad to a spinnin..g
condition from which recovery might “be slower.

/
In the landing condition, the landing flaps were

deflected 600$ the la.ndingogear was extended, the pitch
flaps were deflected Up 30 , and the leadi.n~-ed..qev,’in~
slots were opened. .,

For a few tumbling tests, tv’oalternate sets of
spoilers were tested, mounted perpendicular to the wing
surface. One set was installed on the top and bottom
of the wing along the 15-percent ,v~in-chord line and
extended from the wing tips inboard 2O,percent of the
semi’span. The height of the spoilers was 10 percent
of’the v;ing chord. The second set was installed alon~
the top and bottom of the wing along the 15-percent
wing chord line and extended from ty~eroot sectior.
outboard 60 percent of the se.mispan. ~J2e he~@lt of
these spoilers was 6 percent of the wing chord,

RESULTS AIJDDISCUSSION

‘Theresults of the s:pintests are presented in
charts 1,to 9, The steady-spin data given on the charts
‘havebeen converted to full-scale values for the air-
plane operatin~ at an altitude of”20,000 feet. Data are
given for a, the angle of the wing chord to the
vertical, ~, the angle of tl-,espan a~.is.tothe hori-
zontal, V, the rate of descent, and ~, the angular
velocity about the spin axis. The an~le of sideslip ~
at the center of gravity may be determined approximately
from the relation ~ = @ - a, \&ere “~ = 6° for this
mode 1. Preliminary tests indicated that results obtained
f’orri~ht and left spins were very sim3.lar, All data
presented herein are in terms of ,~i~h,t spins, tklatis,
for the airplane turning to tke pilotls rfflh.t.‘i’he
results of the tumbling tests are precented in tables III
and IV.
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SpinTests - Clean Condition

~.- The test results ‘for the model
in the clean condition, normal loadin.S,are shown on
Chart 10 At the normai spirinin~ control configuration’
(stick full ‘back, wheel neutral, ~.ndrudders full with

the spin) the model would not spin. A y-oderately st~ep
spin, which.appeared quite normal: in spite of thti
un,co~~.verltionalityof th~e:vodel, was obtained when the
stick was full back and the ,whee~ l!!~as”set with~“tthe
spin (wheel ri@lt in a right spin) . Recove?y from this
spin could not ‘be ef~ected by milder reversal. l~~en
t~lesticlkl~~asneutral and tb.ewheel was full.Vvitb.the
spin, tb.emodel SpUn steeply with an oSC~lla~iO~ ~rl.

pitch and may have oscillated out of the spin i.fit had
not struck the ,net‘first. ‘I%em.cdel would not spin fcr
ar.yother com’~ination of Sti.Ck-wheel”uositions tested.

When the rudders were m.eutr:.lj .s~ins were obtained
for all stick positions when t’hevtieelwas full with
the spin and also v~pienthe stic’kwas neutra~’ or full
forwartl and the wheel was neutral .

Uhen the rudders were against the spin, the xodel
spun for all stick and wheel positions except wheel full
again-stt’nespin, stick ~Lleutra~ or full forward. In.a
few cases, recovery was attempted by moving the rudder’s
to full with the spin. NO recover; was effected from
the spin with the stick back and the whe,el”with the
spin, but th,eindications were that reccvery could be
effected in this manner froni
‘I%eseresults f.ndicatethat,
recovery by the conventional
followed by forward riovement
be possible. .

the other spins “obtained.
for the XB-j~ airplane,
tec”hniqu.e- rudder reversal
CT the stick - would<not

.~,esult~of tests made wfth tb.emodel in the clean
condition lm.~twit’hthe slots “open are rmesented orl
c’nart2. lf~it~- the rUdder f~j.11~~rith.t}le Snirl, the r’OSUltS

obtained.were sim.il.arto those obtained w~-ththe slots
closed. ~~:iththe rudder full against t}!espin, h-oweve~,
the model spun for fewer control settin,~st?lan.with the
slots closed.

,

The effects of maximum pitch-flap setting were
determined with the model in the normal loading condi-
tion. Deflecting the pitch flaps up had little effect
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on the spin characteristics, and the results are not
preseiated in.chart form. The results obtained with the
pitch f’laps.full down are presented Vn chart 3. With
the rudders full with the spin, the &esults ~~ere
si!nilarto those obtained with the pitch flaps neutx’al.
VJith the rudders full against the spin, ‘nowever, the
model spun for fewer control settings than with the
pitch flaps neutral. Use of the conventional recovery
technique; therefore, would probably have given satis-
factory recovery.

,: ‘.
Mass variations.- ‘IIIe effects of changes i.nthe

mass distribution, of tb.emodel im.the clean condition
are ,~ivenin chapts ,!.+to 7. Increasing the longitudinal
loadin~ (Iy and Iz increased by 50 percent of Iy)
was adverse in that the model spun for more rudde.r-with
control settings than for normal loadin,q. Recoveries
by reversins the rudder from the spins obtained were
unsatisfactory.

l!ovinm the center of’,qravity 7.5 percent of’ theQ
mean aerodynamic chord for’;~ard OT norw.al (that is, to

20 percent mean aerodynamic chcrd) was benef’:lcjali.n
that , when the ru.dc?erswere against t~!.espin, the
modal would spin only with the stick “back. l+ecovery
by use of the’conventional technique, or by e].evator
reversal alone, would probably have been satisfactory,

llovin~ the center of’gravity 5.8 percent of the
,aean.aerod-ynamic chord rearward of normal (that is, to
33.3 percent mean. aerodynsinic chord) was adverse in
that when the rudders were !,viththe spin the model spun
for all control settin~s except when the,wheel was full
aCai..nstthe spin. A satisfactory recovery by rudder
reversal alone was effected only f’r~fil.,the spin a-it’he
normal. control confi&uration. ?flfln.entk,,eI.u.dder~ were
arain.st the spin, spins were o~~taii~edonly whe-nthe
wfieelwas full with the spin.

U!ith the center of’gravity moved 1.1..6:percent of
the mean aerodymamlc chord rearward of normal (that is,
at ~~.1 percent mean aerodynamic chord) , the model
spun for most control positions. Recoveries obtained
were”generally satisfactory except from.the s“pinmade
with the wheel full with the spin, stick neul;ralor
full back. The model would not spin for any control
position when the rudder was against the spin.
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,Extending mass along the wing (Ix and IZ increased
,.

by 30 percent of Ix), retracting mass along the wing

(IX and IZ decreased by 10 percent of Ix] , or retract-

ing w.ass longitudinally (IY and IZ decreased by
5(Opercent of Iy) had no appreciable effect on the spin

characteristics .

~%I&2Q.Stfon of ‘esults “- lnaslnuch as ‘~~e‘esults
were ~m.usua].in that$ for most conditions, spins were
obtained for more stick-vheel positions with the rudder
against the spin than with the rudder with the spin,
special tests were made. to measure tfi.eaerodynamic
:moments prodl.icedby tl]erudders th.rou.@.a large anple-
of-attack range on the free-flight tu.nn.elbalance in
order to determine if this unusual behavim could be
exl.llained.by the aerodynamic moments. For these tests,
th; elevens ;vereneut~$al and the rvdders on the left

‘wing tip were fully extended whi3.e those on’the ri~ht
wirl~tip were neutral. Increments of yawing- and
rol.lins-moment coefficients with Fespect to body axes
due to the rudders are presented on figure ~1.,The
yawiilg-moment curve obtained was not unusual, ancl’the
yawing-moxneilt,coeffi.cientincreased with an~le of’attack.
l’he important point.brou@t out by the ft~ura is that
left rudder gives a large rollin~ rlto~eilt to the right.
If the data on figure ~ are considered to be for rudder
agai~.st a right sPfn$ it can be seen tliatfor rudder
against the spin the rolling momnt would tend to roll
the model v:iththe spin.

Tl:eresLtlts of t’he~pin tests of’the model in the
clean condition (charts 1 to 7) were in genaral a&ree-
ment with tlaefindings of the balance tests and indic-
ate, therefore, tha~ the aerodjmamic rolling moments
produced by the rudder are a possible exp].anation for
the differences between the rudder-with and the rudder-
against spin characteristics . The results of the spin
tests of,the model with the center of Sravity rearward
of normal (charts 6 and ?), ?Iowver, are in disagreem-
ent with the general trend i~-that the model would
spin fcr felr’ercontrol con..fi~:urationsvt!en the rudd.er
was apainst the snin th.arlwhen it was with t?.~.e spin.

Inverted spins .- Except fop the n~cel.les, the
model was essentially symmetrical erect anclinverted,
It was thought that the erect and inverted spin
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cha~acteristics would have been, simi,larexcept, Gf c,our.se,
f.grthe.differe.nces in control settings. Inverted-spin
tests were,accordingly not,made, but i,tis believed that
rudder-with spins would probebly have been o’otaine.cionly

< with the wheel to the opposite’,side from the rudder
(controls crossed) and the stick neutral .or fuli forward.

: Recovery by rudder reversal would .p~wbably have been ~
impossible . The model would ,proba”blyhave.,spun for.most
sticl.c-vh,eelpositions with t?ae rudders a.ga.in.stthe spin. .

. .

Spiz-I Tests - Landir.& Condition

‘Theresults obtained with the model in the landing
condition are presented on chart 8.. With the rudder set
with ty:.espin, the results were similar to those obtained
in the clean conditicn. Hhen .tk$ep~dde-rwas against t;he,
spin , ~OWeVE1’, spins were obtained for all.el.evo.nsettings.
Results of “testsmade ~~!iththe model j-nthe landing con-
dition.but with ~~L~t6 closed were generally ,Simil.al’to
those ‘obtained.with slots open (chart ~) .

‘l’he spin test ~esults as a whole indi.ce.~ed that

moving the rudders to against tk,e spin was ~cncra?~ly

ineffective in Droducing recovery from. s~~ii~~.It
appears that, for optimum recovery from erect spins,
the rudders should be kept full with the’s~in,” ‘the stick
s’nouldbe put full forward, and.the.wheel should be
iuoved full against t’hespin. The model would not spin
with these control ~ositions for any condition tested,
and it is believed that rapid recoveries would be effected
by using this control manipulation. For inverted spins
it is recommended that the rudder be kept with the spin,
the stick be put full back, aildthe v~~:.eelbe ~~lovedto
the sar,eside as the rudder .(controls together ).

,.

!hinbling” Tests ~ ‘“”
‘.

}Tormal loadlng. - Tumbling tests were”mad? with the
model in the -al %oading, clean condition Witkl the
pitch flaps and rudders neutral. Results abtained when
the model. vas released r.jithout’rotation. in.a nose-up
attitude simulating a whip stall”a.represented in.
table 111. %,el~’t’hestick was ,ful.1f6tiward.tli?.iztidel
9ometbes started to tu.m-ble; that is, rotate ahcu% t?~.e
latel”alaxis, and sOmeti;m@S executed a series of extrew.e
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oscillations in pitch dur ng which the model&
would

pitch through almost ~1.80 measured from the nose-down
atti,tude. This oscillation appeared to be only lightly
damljetl. For stick neutral or back, the model did not
start to tumble but went into dives with extreme oscil-
l.at~.onsin pitch. The results of tests made in ~:hid~the
model w-as launched with an initial pi.tc’r.in~rotation are
presented in table IV, When launched with an initial
pitching rotation, the model continued to tulnblere:ard-
IGSS of’stick-wheel position. Thj.3was true vhen the
model was Iaunc’nedwith either positive or negative
pitchi.flgrotation. The vertical component cf velocity
durinS tumbling was calculated to be approximately
22)+feet per second, full scale, and the horizontal
compti.nentof velocityj approximately ~?.feet.per second,
full scale. The rate of rotation was approximately
0.56 revolution per second; full scale.

Vass variation.- ~F:itllthe center of gravity movtid
fcwwa~7.5 percent of the mean aerodynamic chord
(that ~s, at 20 percent of the mean aerod~mamic chord) ,
the model generally would not continue ~o tum,blewhen
launched with an initial pitchiil~rotation but !T’@uldLCO
into a dive with extreme oscillatior~s in ~~itch.

h~fect of’rudders as dive brakes.. ?C-ithboth
rudders fullv extended as dive ?mahes, the model con-
ti..nuedto tu~iolevinenlaunched with i~li’cialrotation
except when the stick was full back and tti~ model was
launched with negative pitciiin~rotatioi~. For this
condition, the iuodel sometxms stopped tu.mbli.ns md
went into an oscillatory dive and.so~cetimes stopped and
then started to tumble with positiv6 pitching. The
behavior of the model with the rudders on one wing open
was generally the same as with botlhrudders open.

Effect of pitch-flap setting .- With both pitch. flaps
deflected up 50°, the results obtained were similar to
those with both ruddqrs fully extended. With both pitch
flaps deflected down l~”, the model continued tumbling
regardless of the’direction of initial pitching rotation
or of stick and wheel position.

Effect of landing flaps, - With the landing flaps
deflected , the model ,genera~ly continued tumbling. With
the pitch flaps set full down and the landing flaps
deflected, the model would not tumble when launched with



positive pitching rotation with the stick neutral or full
~orward., Si.milar.results.were obtained when. the rudders
on ,one wing were opened and the landing flaps were
deflected.

\
\
— Outboard spoilers.- Installation of outboard spoilers
J, on th~]ing had no appreciable effect on tumbling.

slots.- Opening the ‘.leadin&-edgeslotsappeared to
have me effect on tumbling. When.the slots were
opened ‘and spoilers “,mountedon -the inboard part of the
wing were fully extended, the fiodel sometimes continued
to tumble when launched with initial negative rotation

with the stick back an,,d sometimes stopped tumbling and

went into an oscillatory “div~. When the slots were open
and.the rudders on One wing were extended, similar
results were obtained.

The preceding results indicate that the tumbling
tendencies of the model. were most improved by moving
the center of-gravity forward. ‘Opening the rudders on
one or both wings appeared to be somewhat beneficial.
Deflecting the pitch flaps up and moving the stick full
back diminished the tendency of the model to tumble
with negative rotation, and putting the.landing flaps
and pitch flaps down and moving the stick forward
diminished the tendency of the model to tumble with
positive rotation.

CONTROL FORCES .,

All results presented her~t,n,indicate the,effective-
ness of controls without regard to tb.eforces applied.
Because of the large size of the airplane and the high
rates of descent in spins and tumbles, it is probable
that thecontrol forces will be high. The actua”lloads
developed “during the maneuvers may. also be high and may
exceed the structural strength of the airplane.

CONCLUSIONS

The model results indicate the following spin and
tumbling characteristics for the xB-35 airplane:



.. ... .=.

14

10 Spin characteristics:

(a) When the rudders are with the spin, the airplane
in the normal loading, clean condition will spin only
when the wheel is with the spin and the stiok is neutral
or full back. It will not be possible to effect recovery
from these spins by reversing the rudder. Inasmuch as
the airplane will spin for most combinations of stick-
wheel position when the rudders are against the spin,
the conventional recovery technique of reversin~ the
rudder and then m~ving the stick forward will not effeCt
recoveries, and it appears advisable to keep the rudders
with’ the spin.

(b) Increasing the longitudinal loading will.cause
the airplane to spin for more control positions than with
normal loading. Recovery by reversing tb.erudders will
be unsatisfactory . ,,

(c) Moving the center of gravity 7.5 percent of the
mean aerodynamic chord f’orward will be somewhat bene-
ficial.

(d} Moving the center of gravity rearward wI.11 “
cause”the airplane to spin for more stictk-whe~l posi-
tions when the rudder is with the spin thafifor normal
loading but will reduce the number of stick-wheel posi-
tions for which rudder-against spins will be obtained.

(e) Extending or.retracting mass along the wing or
retracting mass longitudinally will have little effect
on spin characteristics,

(f) With the airplane in the landing condition,
the spin characteristics will be,generally siyilar to
those for ttie.cleap condition.

(g],For best recovery, The ,rud~ers should be kQpt
full with the spin, the s,tickshould be put full forward,
and the wheel should be put full”against the spin,
Recoveries thus obtained will be raPid.

2. Tumbling characteristics”:

(a) In the normal, loading, clean condition, the
airplane may go into a tumble from a l~h’ipstall; Even
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! ,..,. .,, ,,. , ,.
“(e.) ,h.e”hj,.~fi$’i,aidi’ng”’bI’@:@“+~hf~.aps,

.. .
a~e doVW :md

the stick is’forward ‘the airpl.anqwi,~l.not.tumble w.ith
positive rotation, and when the pitbh ‘flaps are ,up an,d
the stick is back the airplane will “not tumble with
negative rotation.

Langley Mernorial Aeronautical Laboratory,
National- Adviso.ryCommittee for Aeror,aut.ics,

Langley Field, Va. , April 20, 19/+4.
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Free -Spinning’“Wind Tunh@3; ‘ 1?A(X2Rep, No. 557
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TABLE 1.- DTMENS1ONAL CHARACTERISTICCS

OF NORTHROP XB-35 AIRPLANE

,.! ,.,.:. ,
Wingspan,f’t, . . . . . . . . . . . . . . . . . 172
Length over all, ft... . . . . . . . . . . . .\

50.9
\ Normal weight, lb . . . . , . . . . , . . . . . 155,000

Normal center-of-gravity location,
: percent M.A.C....: . . . . . . . . . . . . 27.5

YVi ng:

Area, Si ft . . . . . . . . . ● .*...., !.+020
Section - root..... . . . . . . . NACA 65,3-01
Section - tip ?NACA 65,3-01’., ..0 ,. .,.
Wing twist, roo~~otip, deg.,. . . . . . . J
Aspect ratio . . . . . . . . . . . . . . . . . 7*3L
Sweepback of leading edge of wing, deg . . . . .25.8
Dihedral ~t 25 percent chord line , deg . . . . ‘
Mean aerodynamic chord, in. . . . . . . . . 31;
Leading edge M.A.C. aft leadi&-ecige

root chord, in....... . . . . . . . . 210
F’1ap chord ,percent c... . . . . . . . . . 21 .h

Elevens;

Chord, percent c.... . . . . . . . . . . . 1.7.8
Area aft hinge line, percent wing area . . . . 6.8
Span, percent b/2 . . ..e$o . . . . . . . 40 ●o
Distance from normal center of gravity

to center of eleven hinge line, in. . , . . 202.2

Pitch flaps:

Total area, sqll’t . . . . . . . . . . . . . . 160
Pitch-flap area, percent of wing area . . . . 4.0
Area aft of hinge line, sq ft . . . . . . . . I.60
Distance from normal center of gravity to

center of pitch-flap hinge line , in. . . . 25~+oo
Span, percent b/2.... . . . . . . . . . . 21.2

Rudders:

Total area split rudders, sq ft . , , , . . . 3.20
Distance from normal center of gravity to

center of rudder hinge line, in. . . . , . 261_L.6
Span, percent b/2..,.. . . . . . . . . . 21.2
Area, percent wing area . , . . , . . . . . , 3.0



TABLE II.- CONDITIONS OF NORTHROP X2-35 AIRPLANE

TNVESTI(3ATHD IN FRMkSPINNINt3 ~

Rudder Plt13h-rl@
Xtior Cenfllt%on SettlngaLo& Tmot@8t Eett@s slots Spotl.rm~teon

(dog) (dog)

-1 Cloen -A ---

I

S@48 ~60 0 Closed Nob@ Chert 1

2

I , I I

J
Cpon Cwrt 2

3 Down Zs Cloeed Chart 3

4 up SC None

5 B o Chart 4

6 c Chart 5

‘7 D Clmrt6
8 E Ctirt 7

9 F None

10 0 None

11 H None

12. LuMlng

$ A -:lwb

Chart 0

1s

I

‘jso C%d Chart 9

14 Cleen o 0

‘‘1

1

t “; 1 w ]

Table 111

15 TulCbMngo

I
Table IV

16 c
17 A Both rud

dera *6

18 560

19 0 up so
20

I

Down M

21 Lending flaps o
deflected

22
J’

*6O

23 Spollere
installed o

v .1

outboard

24 C lem

/

Open None

25 Spoilers
installed

J

Inboard

26 Cleen ~60 None

aLoadings t

Ivormel.
; Iy end Iz Increased by 30 Percent or TY.

c Center of gravity moved forward 7.5 percent of mean ●erodynemlc ohord.
Center of gravity moved rearward 5.8 percent of mean aerodynamic chord.

: Center of gravity moved rearward 11.6 percent of nman aerodynamic chord.
F Ix end 12 increased by 30 peroent of Ix.
G Ix end I.zdecreaeedby 10 poroont of Ix.

H Iy ●nd 12 decreaeed by 30 pereent of Iy.

buodelr~le.ged “lthout rotation In a neee-up attitude ShUhthS ● whb ‘tall.

cModel launched with initial pitching rotation.

NATlONALADVlsORY

COMMITTEE FOR AERONAUTICS

1 —



TABLE III. - TTJHBLINGTESTS

[Model released h a nose-up attitude, simulating a whip stall]

,
Controlpositionduringtests

Mode1 Model Control column Tunnel airspeed, Behavior of
loadlng condition R~dder~ Pitch flaps fps$ full scale model

Longitudlnaliy Laterally

Normal Clean Neutral Back Neutral Neutral 111

I 1

Oscillated in
pitch throu h

8almost’,~180 ,
measured from
the nose-down
attitude

Left

Right

Neutral

J

J
Neutral

Left

Forward

. 1’

J
?leutral

/. I
Right Occasionally

tumbled

Left ’72 4

! NATIONAL AOVISORY
COMMITTEE FOR MRONAUTICS

..

I

.



TABLE IV.- TUMBLING TESTS

[

F.
Hodsl given lnltlal pitchlne rotation ●bout lateral axis. Tunnel

●irspooU for all tests was 172 fpa, full scale. 1

Model
loading

Normal

v
:enter of grmvlt
forward 7.5 per
cent M.A.C

v
Normal

\1

Model
ondition

Clean

v

Direction
of initial
pitching
rotation

Positive

I
Negative

v
P08itive

v

Behavior of model

Continued to tumble

v
Stopped tumbling,
Wentintodiva
with oscillation
in pitch

1
Would tuuble when
launched with
sufficient trans-
lational velocity

Continued to tumble

1

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS



TABLK xv - Contlnuod

Modol
loading

Ilornl clQul

I Control po-ltion

-
Fo ●rd

t
lloutral

J
Baok

‘J
Right

open

Both
open

1
lloutral

4
Forward

!

Neutral

.1.

EEi=iii=!!+---
Positive

J
Ilmgativo

L#t

Ri&t

‘J
Neutral

Left

J
Neutral

‘J’
Left

4
Neutral

4
Left

J
Neutral

J
Poeitive

I
l!egative

I

Continued to tumbl~

I
Stopped tumbli~,
wont into dive
with oscillations
in pitch

Stopped tumbling,
went into pOei-
tive tumblo

Somrtimee etoppcd
tumbling, wont
into positivo
tumblo. sOmc-
timee continued
tumbll~

I

$
inued to tumble

\ I1
v

Bmk

i

1.9ft

J I
Down15’3

I
Reutrel

neutral

J

J
Loft

Forward

$

$
Neutral I I ‘1

Stopped tumbling,
went into div.
with oscillations
in pitch

Sontime ●topprd.
Sornetirnee etopped
end went into
pos itivo tlmbu

Continued to ttila
I

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

II



TABLE IV - concluded

Ilrection
of initial
pitching
rotation

Model
loadlng

co

udders

Ml nositions during tests

Model
ondltlon

Control c Behavior of model
itch flapl

mgltudinal 11

ml

It

Poai

\

lveNc 11 ontlnue 0 tumbleClean

1
Landing
flaps ~

down 60

Neutral

Left

J
Neutral

JL8t

Do

Ne

e

R

1
Neutral

Neu

\

.al

I
Gown 150

1
Ncutml

:omethe e atopped
tumbling, some-
timea centinued
tumbling

Iiegatlve

-1’
Positive

ontinued to tumble

Back

J
lroutral

‘1’
topped tumbling,
went into diva
with oscillations
In pitoh

1
ometimas stopped
tumb1ing, eome-
tlmes centlnued

Forward

‘1
lveut,ra

!I
eutral

I

raft
open

J_

tumbline

ontinuec

Rlsht

Loft

Neutral

\(

,
out
.Ypc

0 tumble)md
Lers

Forward

0pen

1
slots
open

4
hots and
center
epollers
open

1
Slote
0pen

-4-

Neutral \
Nega

\

pod

.

lve

lve

Negatlve

1-
Positlve

ometimes stopped
tumbling, some-
times contlnuod
tumbling

topped tumbling,
went into dive
with oscillations
in pitch

ontlnuad to tumbleForward

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS

.



CMET 1. - EFFECTOF CO]lTROLS0}1SPIN ~A~ACTEI{lS~lCSOF x&35 MCDELWITH SL~S c~SED

fio-1 l..di.~;landinggearretracted;landingand pitohflapsneutral;recomry as indimtsd (steady-spindatapra.entadfor,*nd
IWCCveryattemptedfree,spinswith initialruddersettingindicated)J righterectspins

I

Ruddersfullagainst@n ~

m 36 3U

319 .10

e, b
d

350
404

I I
26 3U

350 .21
d, f

1
mteqjspin

NO C@n

P
25 5U

361 .21

El+

‘4
approx 350 ‘

0 spin

I I

Ruddersneutral

UPM
m32 0

steensp.k d, f
>8

I I

I I

z
$ d

‘t b, o.+~ ~
28 lD

b. c’
383 .24

;>360
d 2+

No qpin

Ruddersfullwith spin

44 2D

298 .20

‘w
-1

0

m

1 I I

r No

NO spin

NodrJfn

a
#pins with largeradius.
Venders.
cOsoillationih itch.dReoWeW ~ttemp~d bY ~ming rudderto fullwith tie sPinm
&fJomry attemptedby rovingrudderto fulla@inst the spin.
VisuEIlobservation.

Model values
converted to

m

(d: ) (do
correapondlng v
full-stale values. f s Pns
U inner wing up
D inner wing down 1.2=2Ll
00 meansmcde1 would not recoverNATIONALADVISORYCOM91,TTECVORAUONAUTICS



CHART2. - EFFECTOF CONTROLSON SPIN UCTERIST ICS OF XB-35 MODELWITH SLCTSOPEN

~OIIMl loading;landinggear retreoted!landing
presentedfor, anclreooverieaattempteafrnn,

Ruddersfull againstspin

44 4D
a

318 .22
29 lLD

377 .11

No spin

, J

b

30 4D

329 .24

NO S@in

NO a?in

1

‘!I=E
b

26 5D

350 .23

~1 .. .

u’Nosh ‘EY
No m

}P~S wi~ largefadiua.
Oscillatoryspin.

and pitohflnpeMutral; reooveryby rnpidfull reve!wel
@pinswith initialruddersettingindioated)Jrightereot

of rudders
spin87

I I 1

(eteady-spindata

Ruddersfullwith spio

57 NJ

377 .26

w

NO spin

No

J I I b

m

H
?0 spin

1?0 pin

No I pin

No apin

NO qpin

r---k m-i

Modsl vahes

converted to
corresponding
full-scale values.

( d:g ) (d:g )
v n

(fD )s (lws )
TurM forU inner wing up

D inner wing down recovery J
~ means!ncdel would not recover

..,,0...,0”,,0”, COMM,,,.C ,0” a.*oNNJncs

-





WART 4. - EFFECT@F CONTROLSON SPIN CHAFJCTERISTICSOF XB-35 MODELWITE MASS EXTENDEDLIJNGITUDIN.4LLY

fivand 1, increasedby 30 percentof Iy from nomnal;I.ndihggear retracted;landingand pitchflapsneutral;slotsclosed;recoveryby rapidfull reversal1-.
of rudders(steady-spindata presentedfor,(

Rud,j~~~full against.Spi.11

38 5D
a

320 .15

33 8D
b

550 .19

H
25 7D

350 .1s

R

No pill

No s in

‘S inswith largeradius.
b p “llato~ spi~.~cscl
Visual observation.

d recoveriesattemotedfrom. sninswith initialruddersettini!indicated):rightereot snins7.— ---- ._–——.. —

Ruddersfullwii% spin

41 3D~
a

26G .22

a

383

0>4
No qpin

I
b

29 Iu

s?2 .15

0>4&

NO SK&I

I I
b

25 lU

376 .20

,’>8
No .5@l

NO @ll

Model values
converted to
corresponding
full-scale values.
U Inner WIW up
II inner wing down
m meansmcdel~~,?~~++~0~,

H(d: ) (do
v n

rs r8
Turns.for
recove

OMCQXRF,W F.” ,,”0.,.,,.s
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CHART9. - EFFgCT@F CONTROLSON THZ sp~ C~CTERiSTICS OF XEb35MODEL IN T.ANDINGCCNDITIONWITR
SLO.TSCLOSED

Jjormalloading;landinggearextended;la~dingflapsdcwn60 degrees;pitohflapsup 30 degrees;reo
a ures.mted for.and ret< .iesattemptedfrom,spinswith initialruddereetting

Ruddersfullagainstspti

40 2U

276 .20
30 3U

303 .16
26 3U

319 .14

35 4U

296 .21
29 3U

a

319 .20

30 4U

308 .22
29 2U

p=#i@

319 .21
33 2U

324 .19

*oscillatory.
b~oreasing radius,maY not SPln.
‘Spinswith largeradius.

I I

ery by rapidfull“rave’r6elof rudders
dicated)righterect8Plnsl

Ruddersfullwith spin

30 111

340 .16

b w
NO a~in

.

a

340

@

No8pin

Noepin

I -J
a, c

No q pin

NO aPin

1 I

Model values
converted to

E!E!!l

(d: ) (do

corresponding v n
full-scale values. fs rs
U inner”wing up Turns for
D inner wing down re ve
% mans thatmode1 would not reooverNATxONALADVISORYCOMMSTTECVOWAERONAUTICS
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Figurel,-Drawing of l/57.33-Scale

Model is shown withlanding gear

model of the Northrop XB-35 airplane.

extended a~d slots open.



Figure 2.- &- scalemodel oftheNorthropXB -35 airplane.
.
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